Background: Diverticulosis of the colon is the most common anatomic alteration of the human colon, but the pathophysiologic mechanisms of its occurrence are not completely understood. Summary: Constipation has been considered the key factor for diverticulosis occurrence. However, several fine papers questioned this pathogenetic hypothesis, showing on the contrary an inverse relationship between low number of bowel movements and diverticulosis occurrence. In the last years, several papers have showed the role of lowgrade inflammation in the occurrence of symptoms in people having diverticulosis, as well as its role on symptom persistence following acute diverticulitis, even if the evidence available is not so strong. Although the trigger of this lowgrade inflammation is currently under debate, some preliminary evidence found colonic dysbiosis linked to symptom occurrence in those patients. Key Messages: Constipation no longer seems the leading cause for diverticulosis occurrence, while low-grade inflammation could play a role in symptom occurrence.
Introduction
The incidence of diverticulosis and diverticular disease of the colon is increasing worldwide and is becoming a significant burden on national health systems in terms of direct and indirect costs. Diverticulosis is commonly found in developed countries, slightly more frequently in the USA than in Europe, and is a rare condition in Africa. However, some indication is available that the prevalence of colonic diverticulosis is increasing throughout the world, probably because of changes in lifestyle [1] . Although advancing age is obviously associated with diverticulosis, this association is not strong per se, as it is not age but the prolonged time course during which the colonic wall is exposed and making the colon more susceptible to other pathogenetic factors.
European countries with a lower socioeconomic status report a 5.3% frequency of diverticulosis in patients aged [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] 8 .7% in those aged [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] 19 .4% between 50 and 59, and up to 29.6% in subjects over the seventh decade, while maximal incidences were found in patients aged 70-79 and above 80 of 40.2 and 57.9%, respectively [2] .
Although most people with colonic diverticulosis remain asymptomatic, about 20% will develop symptoms without complications, experiencing the so-called symp-DOI: 10 .1159/000489173 tomatic uncomplicated diverticular disease (SUDD), of whom 15% will ultimately develop diverticulitis, with or without complications [3] . Despite the significant burden of the disease, the pathogenesis is poorly understood and several etiological factors may play a role in its onset.
Terminology
Diverticulosis is merely the presence of colonic diverticula; these may, or may not, become symptomatic or complicated. Diverticular disease is defined as clinically significant and symptomatic diverticulosis; this may be from true diverticulitis or from other less well-understood manifestations (e.g., visceral hypersensitivity in the absence of verifiable inflammation). The overarching term "diverticular disease" implies that the anatomical lesion (diverticulosis) rises to the level of an illness. SUDD is a subtype of diverticular disease in which there are persistent abdominal symptoms attributed to diverticula in the absence of macroscopically overt colitis or diverticulitis. This definition is generally shared in Europe but not in other countries, such as the United States.
Diverticulitis is the macroscopic inflammation of diverticula with related acute or chronic complications. Diverticulitis can be uncomplicated or complicated. It is uncomplicated when computerized tomography (CT) shows colonic wall thickening with fat stranding, while it is complicated when CT finds complicating features of abscess, peritonitis, obstruction, fistulas, or hemorrhage.
Pathophysiologic Mechanisms of Diverticulosis Occurrence
Diverticulosis is characterized by the presence of saclike protrusions (diverticula) which form when colonic mucosa and submucosa herniated through defects in the muscle layer of the colon wall [3] . Diverticula are thought to develop from age-related degeneration of the mucosal wall and segmental increases in colonic pressure resulting in bulging at points of weakness, typically at the insertion of the vasa recta.
The underlying pathological mechanisms that cause the formation of colonic diverticula remain unclear. These are likely to be the result of complex interactions between age, diet, colonic microbiota, genetic factors, colonic motility, and changes in colonic structure. In this paper, we focused on the roles of inflammation and colonic motility as part of the physiopathology of diverticulosis.
Inflammation
As stated, diverticulosis is merely the presence of colonic diverticula without symptoms or macroscopic/microscopic signs of inflammation. In this way, no signs of inflammation should be detected, both at endoscopic and also at histological assessment. Two European papers, published at the beginning of this decade, found that no signs of histological inflammation were found in people having colonic diverticulosis [4, 5] . These data have been recently confirmed by a study conducted in the United Stated. Peery et al. [6] analyzed data about colonic mucosal biopsy specimens from people having diverticulosis. Assessing levels of interleukin (IL) 6 (IL6), IL10, tumor necrosis factor (TNF), and numbers of immune cells (CD4+, CD8+, CD27+, and mast cell tryptase), they found that there was no association between diverticulosis and TNF (odds ratio [ [6] . Diverticulosis therefore does not show inflammation.
A different scenario may be observed when we analyze patients with SUDD. Unfortunately, there is still no consensus about this form of the disease; this because SUDD is characterized by nonspecific attacks of abdominal pain without macroscopic evidence of an inflammatory process, with abdominal pain, bloating, and changes in bowel habits that may resemble IBS. As a consequence, several authors still talk about "IBS with diverticulosis." For example, Jung et al. [7] found that IBS occurs 4.7-fold more likely in patients after an episode of acute diverticulitis than controls and, more recently, Järbrink-Sehgal et al. [8] found that diverticulosis was associated with diarrhea-predominant IBS (OR, 9.55; 95% CI, 1.08-84.08; p = 0.04).
It is likely that those patients are suffering from SUDD than from "IBS with diverticulosis," even when we describe symptom occurrence/persistence following an episode of acute diverticulitis. This is because IBS and SUDD are not the same clinical entity, as showed by clinical data currently available. IBS and SUDD do not share the same epidemiology [7, 9] but only part of clinical features, and patients with SUDD do not generally fulfill IBS criteria [10, 11] . Moreover, the characteristics of the abdominal pain (left lower-abdominal pain lasting for more than 24 h characterizes SUDD, diffuse and short-lived abdominal pain characterizes IBS) is likely the most effective clinical tool in discriminating between patients with SUDD and those having IBS [10, 11] . Finally, persistence of symptoms following an episode of acute diverticulitis has been linked to several factors, ranging from significant attenuation in serotonin-transporter expression to persistence of low-grade inflammation [12] [13] [14] . These findings have been recently confirmed by Lahat et al. [15] , who found TNFα, IL6 and IL1β to be significantly higher in patients having symptom persistence following severe uncomplicated acute diverticulitis.
Several additional pieces of evidence reinforce the hypothesis that low-grade inflammation may play a significant role in determining symptom occurrence and complication in those patients: fecal calprotectin is increased in SUDD versus people having diverticulosis or healthy controls [16, 17] ; SUDD shows a significant microscopic inflammatory infiltrate [18, 19] . This microscopic inflammation, ranging from increased chronic lymphocytic infiltrate to active neutrophilic infiltrate, seems to be linked to the severity of the disease [4] ; SUDD shows an enhanced expression of pro-inflammatory cytokines as TNFα [5, 20, 21] , which decreases parallel to response to therapy [22, 23] .
Inducible nitric oxide synthase (iNOS) expression was significantly increased in SUDD and SUDD following acute diverticulitis (SUDD+AD) patients compared to controls (+2.04-and +2.86-fold increase vs. controls, respectively; p < 0.05). Finally, basal NO expression was significantly increased in SUDD+AD compared to controls [24] .
Based on the current data, and awaiting stronger evidence, we suggest that SUDD could be considered as a separate clinical entity distinct from IBS, even if some studies still define patients with SUDD as people having "symptomatic diverticulosis."
Why inflammation occurs is still under debate. It has been hypothesized that dysbiosis may be the trigger of symptoms in people having diverticulosis [25] . A recent, retrospective study found that chronically recurrent diverticulitis has a specific microbial ecosystem that differs from that of uninflamed colonic tissue [26] . Moreover, two recent pilot studies found that SUDD patients have dysbiosis when compared with patients with simple diverticulosis, and this dysbiosis seems to influence also the host metabolome [27, 28] . No further information can be drawn from these preliminary studies due to the small number of patients involved, and further studies are needed to elucidate the exact mechanisms that lead from dysbiosis to inflammation.
Not only may intestinal inflammation have a role in the occurrence of SUDD, but also pro-inflammatory conditions outside the intestine may explain the occurrence of diverticular disease complications. For example, obesity is a risk factor for acute diverticulitis and its complications [29] [30] [31] , and we know today that this risk is linked to the pro-inflammatory effect of adipokines and chemokines released by adipose tissue [31] .
Persistent low-grade inflammation of the colon may explain clinical symptom persistence following acute diverticulitis, even if surgically treated. In fact, we know that up to 20% of patients complain of persistent abdominal pain after surgical treatment of diverticulitis [32] , and the quality of life of those patients is significantly worse [33] . It has been hypothesized that persistent symptoms are linked to increased pro-inflammatory cytokines with persistent chronic inflammation in mucosal biopsy samples, as recently confirmed by Lahat et al. [15] . Table 1 summarizes data from the main studies assessing the role of inflammation in diverticular disease occurrence.
Constipation
Over 40 years ago, Painter and Burkitt [34] put forth their hypothesis that a "low-residual diet," one that was high in processed sugars and low in fiber, was responsible for the development of colonic diverticula due to increased occurrence of constipation. This hypothesis was based mainly on observational data, but the detection of disturbances in the normal neural content of vasoactive intestinal polypeptide in the bowel wall in both idiopathic constipation and diverticular disease seemed to support this hypothesis [35] . However, three recent studies questioned the association constipation/diverticulosis. In the first study, conducted in the United States, Peery et al. [36] studied 2,014 subjects who underwent a screening colonoscopy for colorectal cancer and then assessed their dietary intake and bowel movements by questionnaire. A total of 878 patients (41%) were noted to have diverticulosis on their colonoscopy report. Contrary to long-held belief, the authors found that increased fiber consumption increased the risk of diverticulosis in a dose-dependent fashion. After adjusting for other variables such as age, race, and body mass index, individuals in the highest quartile of total fiber intake had an increased diverticulosis prevalence ratio (1.30; 95% CI, 1.13-1.50) compared to the lowest quartile. In addition, frequent bowel movements were positively associated with diverticulosis [36] .
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In the second study, conducted in Japan, Yamada et al.
[37] studied 1,066 subjects who underwent colonoscopy analyzing bowel habits and stool form. After adjusting for age and sex, the presence of constipation was associated with a significantly reduced likelihood of diverticula (OR, 0.70; 95% CI, 0.52-0.93). When assessed according to the location of diverticula, the presence of constipation was associated with a significantly decreased likelihood of left-sided (OR, 0.39; 95% CI, 0.16-0.93), but not rightsided (OR, 1.10; 95% CI, 0.48-2.53), diverticula. Furthermore, stool form was unrelated to the presence or absence of diverticula [37] . The last study, conducted in Austria by Braunschmid et al. [38] , studied 976 patients who participated in the nationwide colorectal cancer screening program in four medical centers between 2008 and 2009, and in whom colonic diverticular disease was found in 290 participants (30%). Using the constipation scoring system by Agachan et al. [39] , the authors found that the median constipation score in patients with diverticular disease was 3 (range 0-18), comparable to patients without diverticula (median 3, range 0-20) (p = 0.1073) [38] .
Although patient selection may be questionable (it is often unclear whether those studies enrolled people having diverticulosis or suffering from symptomatic diverticular disease), these studies challenge the concept that low fiber diet and constipation contribute to the development of diverticulosis and open the door to new pathophysiologic concepts. Neural degeneration with age may also contribute to diverticulosis occurrence, since several studies suggest reduction in neurons in the myenteric plexus [40] and decreased myenteric glial cells and interstitial cells of Cajal [41] in those people. Denervation hypersensitivity has also been reported [42] , and these abnormalities of enteric nerves might lead to uncoordinated contractions and high pressure, leading to diverticulosis occurrence. The associated muscular hypertrophy and altered enteric nerves [43] may also result from remodeling colonic architecture after acute inflammation, since numerous animal studies have found these findings associated with muscular hypertrophy, abnormal motility [44] , visceral hypersensitivity, and altered neurochemical coding [45, 46] . Such changes may account for the common development of recurrent abdominal pain and disturbed bowel habits following acute diverticulitis [47] and the finding of visceral hypersensitivity in patients with symptomatic diverticular disease [5, 48] . Table 2 summarizes data from the main studies assessing the role of constipation in diverticulosis and diverticular disease occurrence.
Summary and Conclusion
Diverticulosis is a common condition that sometimes becomes symptomatic and may lead to severe complications. Its prevalence is higher in the Western world, but it is increasing in the developing world as well. The pathophysiologic hypothesis behind diverticulosis has changed in the last years. Constipation is no more considered the key driver of diverticulosis, but we have to take into consideration that occurrence of diverticulosis is probably of multifactorial origin, ranging from structural alteration of the colonic wall to microbial dysbiosis. However, most mechanisms leading to its occurrence remain to be elucidated, and the occurrence or persistence of symptoms remains an active area of debate. Some hypotheses have been advanced, ranging from bacterial overgrowth to the presence of low-grade inflammation. However, further studies are needed to help elucidate this common entity.
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Peery et al. [36] Diverticulosis Observational data
Increased fiber consumption increased the risk of diverticulosis in a dose-dependent fashion. After adjusting for other variables such as age, race, and body mass index, individuals in the highest quartile of total fiber intake had an increased prevalence ratio (1.30; 95% CI, 1.13-1.50) compared to the lowest quartile. In addition, frequent bowel movements were positively associated with diverticulosis.
Yamada et al. [37] Diverticulosis Observational data
The presence of constipation was associated with a significantly reduced likelihood of diverticula (OR, 0.70; 95% CI, 0.52-0.93).
Braunschmid et al. [38] Diverticulosis Observational data
The median constipation score in patients with diverticular disease was 3 (range 0-18) and comparable to patients without diverticula (median 3, range 0-20) (p = 0.1073).
